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Introduction
Adapting to climate change, or adjusting to current or 

future climate and its effects (Noble et al. 2014), is critical 
to minimizing the risks associated with climate change 
impacts. Adaptation actions can vary from passive (e.g., 
a “wait and see” approach), to relatively simple (e.g., in-
creasing harvest rotation age), to complex (e.g., managing 
forest structure and processes across large landscapes for a 
future range of conditions) (Spittlehouse and Stewart 2003). 
Many adaptation actions are complementary to other land 
management goals and actions, and most land managers 
already have the tools and knowledge to start addressing 
climate change. However, managers may need to make 
some adjustments, considering new issues, scale and loca-
tion of implementation, timing, and prioritization of actions 
(Swanston et al. 2016). For example, it will be increasingly 
important to prioritize which management actions to take, 
and where to take those actions, based on the vulnerability 
of resources to climate change and the likelihood that ac-
tions in those places will be effective.

Federal land and water management agencies are re-
quired to consider climate change in planning and project 
analysis, and to begin preparing for the effects of climate 
change (Federal Register 2009, 2013; USDA FS 2012). The 
processes and tools for developing adaptation strategies and 
tactics have differed within and among Federal agencies 
(Halofsky et al. 2015). However, as outlined in Peterson et 
al. (2011b), key steps in the process include: (1) education 
on basic climate change science, integrated with knowledge 
of local resource conditions and issues (review); (2) evalua-
tion of the sensitivity of specific natural resources to climate 
change (rank); (3) development and implementation of 
adaptation strategies and tactics (resolve); and (4) monitor-
ing of the effectiveness of adaptation options (observe), with 
adjustments as needed.

The development of climate change adaptation strate-
gies and tactics is conducted in the third (“resolve”) step. 
Adaptation strategies describe how adaptation options 
could be employed, but they are still broad and general 
in their application across ecosystems. Tactics are more 
specific adaptation responses and can provide prescriptive 
directions for actions to be applied on the ground. At the 
broadest level, climate change adaptation strategies can be 
differentiated into four types: (1) resistance, (2) resilience, 
(3) response, and (4) realignment strategies (Millar et al. 
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2007). The resistance strategy includes tactics that forestall 
impacts to protect highly valued resources. Resistance 
strategies are only a short-term solution but often describe 
the intensive and localized management of rare and isolated 
species (Heller and Zavaleta 2009). The resilience strategy 
includes tactics that improve the capacity of systems to 
return to desired conditions after disturbance. The response 
strategy employs tactics to facilitate transition of systems 
from current to new desired conditions. Finally, the realign-
ment strategy uses restoration practices to ensure persistence 
of ecosystem processes and functions in a changing climate.

The Intermountain Adaptation Partnership (IAP) project 
incorporated all steps in the adaptation process. An initial 
kickoff meeting with leadership and managers from the 
U.S. Department of Agriculture Forest Service (USFS) 
Intermountain Region involved review of basic climate 
change information set in a local context. The initial meet-
ing was followed by a vulnerability assessment process 
that evaluated potential effects of climate change on water 
and soils (Chapter 4), fish and aquatic habitat (Chapter 5), 
forest vegetation (Chapter 6), nonforest vegetation (Chapter 
7), ecological disturbance (Chapter 8), terrestrial species 
(Chapter 9), outdoor recreation (Chapter 10), infrastructure 
(Chapter 11), cultural resources (Chapter 12), and ecosys-
tem services (Chapter 13). Vulnerability assessments set 
the stage for hands-on development of adaptation options 
(the “resolve” step) by resource managers in a series of five 
workshops across the IAP region. Managers engaged in 
facilitated discussions and completed worksheets, adapted 
from Swanston and Janowiak (2012), identifying key cli-
mate change vulnerabilities and related adaptation strategies 
(overarching approaches for resource planning and manage-
ment) and tactics (on-the-ground management actions). 
Participating land managers were encouraged to use the 
Climate Change Adaptation Library (http://adaptationpart-
ners.org/library.php) for ideas on adaptation strategies and 
tactics, and to identify several types of strategies, including 
resilience, response, and realignment strategies. They also 
identified where tactics could be applied and opportuni-
ties for implementation of tactics, where applicable. This 
chapter describes adaptation strategies and tactics developed 
in the workshops for each of the 10 resource areas covered 
in the vulnerability assessment. This chapter covers only 
adaptation strategies and tactics considered high priority by 
resource managers and discussed in the workshops. It is thus 
not intended to be an exhaustive list of possible actions.
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Adapting Water Resources 
Management to the Effects  

of Climate Change
Across the IAP region, lower snowpack and increased 

drought with changing climate are likely to lead to lower 
base flows, reduced soil moisture, wetland loss, riparian area 
reduction or loss, and more frequent and possibly severe 
wildfire (Luce and Holden 2009) (table 14.1). In response 
to these changes, managers identified four main adaptation 
strategies: (1) conserve water; (2) store water; (3) manage 
for highly functioning riparian areas, wetlands, and ground-
water-dependent ecosystems; and (4) develop policies for 
water rights (table 14.1). Although these adaptation options 
may do little to alleviate some of the direct consequences 
of shifting precipitation, snowpack timing, and temperature 
changes for ecosystems during drought conditions (e.g.,Vose 
et al. 2016), they can affect downstream water availability 
and consequences of hydrological drought.

Lower soil moisture and low flows in late summer, 
combined with increasing demand for water with population 
growth, are expected to reduce water availability for aquatic 
resources, recreation, and municipal uses (Chapter 4). A key 
adaptation strategy is to improve water conservation (Water 
Resources and Climate Change Workgroup 2016). For 
example, identify feasible and effective water-saving tactics. 
Drought-tolerant plants can be used for landscaping (table 
14.1). Livestock water improvements can be managed ef-
ficiently (e.g., cattle troughs and float valves). The benefit of 
water conservation can be communicated to public land user 
groups, and over the long term, increasing water conserva-
tion and reducing user expectations of water availability will 
help to ensure adequate water supply.

In principle, replacing snowpack storage with storage in 
constructed reservoirs to carry water over from winter into 
summer could benefit municipal water supplies and irriga-
tors in locations with irrigated agriculture. However, the 
degree of potential benefit varies substantially with existing 
water right regulations, reservoir operating rules, snowpack 
sensitivity to temperature and precipitation, expectations for 
future precipitation, and the role and future of summer pre-
cipitation. The benefits of replacing snowpack storage with 
reservoir storage are based on the rationale that only timing 
is changing and total runoff volumes remain unchanged. If 
precipitation increases, temperature-induced changes could 
be compensated for in relatively cold regions (Luce et al. 
2014). On the other hand, if precipitation decreases, total 
flow volume will be reduced, and it will be harder to fill 
reservoir storage because of other rights for water farther 
downstream that might not be fulfilled. Given the sizable 
financial and ecological costs of constructing dams and 
high-elevation reservoirs, coupled with the uncertainties 
around precipitation, a cost-benefit analysis is advised be-
fore considering dam construction.

Shifting dam operation is another possibility for increas-
ing water storage. It would cost significantly less than 
constructing reservoirs but would require some investment 
in monitoring upstream snowpack, soil, and weather. 
Streamflow forecasting informs management decisions on 
the balance between water storage for irrigation and mainte-
nance of storage capacity to buffer potential flooding (e.g., 
Wood and Lettenmaier 2006). The current state of snow-
pack is more beneficial than climate or weather forecasts 
for predicting runoff in basins with substantial snowmelt 
contributions (Wood et al. 2015). In addition to informing 
reservoir operation, improved runoff forecasting can be used 
to improve decisions for how to best use available water 
(Broad et al. 2007).

Reduced overall base flows (especially in summer) are 
expected to reduce riparian and wetland habitat and water 
storage. Managing for riparian, wetland, and groundwater-
dependent ecosystem function can increase water storage 
and slow the release of water from the landscape (Peterson 
and Halofsky 2017). Specifically, ecosystem function can 
be improved through active or passive restoration and by 
designing infrastructure to accommodate changes in flows 
(table 14.1). Some adaptation strategies that could help to 
maintain and improve groundwater-dependent ecosystems 
(GDEs) include: decommissioning and improving road 
systems to increase interception of precipitation and local 
retention of water, improving grazing management prac-
tices, and maintaining more water at developed spring sites 
through improved engineering practices (e.g., float valves, 
diversion valves, pumps) (Peterson and Halofsky 2017). 
Promoting and establishing (where currently extirpated) 
American beaver populations, water storage in beaver dam 
complexes and ponds, and beaver-related overbank flow 
processes could also help increase water storage (Pollock et 
al. 2014, 2015). Common and scientific names for species 
mentioned in this chapter are given in Chapters 5, 6, and 8, 
and Appendix 3.

Vegetation management, such as mechanical treatments 
and prescribed fire, can be used to achieve vegetation den-
sity and composition that are optimum for water balance and 
healthy watersheds (table 14.1). Harvesting trees to increase 
water yield has been a practice of interest for some time 
(e.g., Bates and Henry 1928). In general, removing trees 
increases water yields, since trees are major consumers of 
water on the landscape (Brown et al. 2005; Jones and Post 
2004; Troendle and King 1987; Troendle et al. 2010) but 
comes with certain caveats. For example, increases in water 
yield are generally greater in moister environments or years, 
with lower increases in drier locations or years (e.g., Brown 
et al. 2005). In some circumstances in drier climates, canopy 
removal will reduce water yields because of increased 
growth of understory plants and increasing solar radiation 
reaching the soil surface (Adams et al. 2011; Guardiola-
Claramonte et al. 2011). Overall, areas where increases in 
water yield are desired are the same areas in which forest 
harvest is least effective (Troendle et al. 2010; Vose et al. 
2012). Thinning treatments have proven ineffective for 
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increasing water yields in the long term (Lesch and Scott 
1997; Wilm and Dunford 1948), but thinning treatments 
can be useful in augmenting snow accumulation depths, for 
wildlife or recreational benefit (Sankey et al. 2015; Wilm 
1944).

Canopy removal for streamflow augmentation is not 
always beneficial. Canopy reduction treatments may lead to 
advanced timing of runoff (Luce et al. 2012). An example 
of large-scale canopy loss in an area with vegetation and 
climate similar to the IAP region is the Boise River Basin, 
where about 45 percent of one basin burned while the other 
was left relatively unchanged after 46 years of calibration. 
This allowed for detection of a 5 percent increase in water 
yield from the 494,211-acre burned basin, providing an av-
erage of an additional 50,000 acre-feet of water storage each 
year. However, the average timing of release advanced by 
2 weeks because the exposed snowpack melted faster, and 
most of the additional runoff was available prior to April, 
when it would be of little use in bolstering low flows. Large-
scale canopy treatments can also affect water quality, for 
example by warming stream temperatures (Isaak et al. 2010) 
or increasing sediment from additional road construction 
and use (Black et al. 2012; Luce and Black 1999).

A comprehensive summary of strategies and tactics for 
adapting water resource management to the effects of cli-
mate change can be found in Appendix 4.

Adapting Soils Management to 
the Effects of Climate Change
Though there has been a focus on forest soils manage-

ment to increase carbon storage to mitigate climate change 
(e.g., Malmsheimer et al. 2008), little information is avail-
able on adapting management to maintain soil resistance and 
resilience to climate change. Changes in soils will take time, 
but unfortunately, they cannot be restored easily or quickly. 
Proactive, preventive methods are needed to increase the 
resistance and resilience of soils to climate change effects. 
Maintaining and protecting soil cover (both canopy and 
ground cover) and cryptobiotic crusts are critical to mitigat-
ing heating of the soil surface and reducing evaporation and 
runoff (table 14.2). Utilizing grazing management systems 
that promote healthy root systems in plants can help them 
to survive short-term weather events, such as periods of 
drought and temperature increases, and can protect soils. 
Other tactics that help to increase soil resilience include 
promoting native plant species and plant diversity, limiting 
establishment and expansion of invasive plants that disturb 
soil processes, and restoring degraded systems. Managers 
may also want to consider soil climate vulnerability map-
ping at various scales to categorize soils for their resilience 
to climate change (table 14.2).

Adapting Fisheries and Aquatic 
Habitat Management to the 
Effects of Climate Change

Many options are available to facilitate climate change 
adaptation and improve the resilience of fish populations. 
Adaptation for fish conservation has been the subject of 
several comprehensive reviews (Beechie et al. 2013; Isaak 
et al. 2012; ISAB 2007; Luce et al. 2013; Mantua and 
Raymond 2014; Rieman and Isaak 2010; Williams et al. 
2015). Resource managers used information from these re-
views and a vulnerability assessment for aquatic organisms 
(Chapter 5) to develop adaptation strategies and tactics for 
aquatic organisms in the IAP region (table 14.3). Strategies 
focused on increasing resilience of native fish species by 
restoring structure and function of streams, riparian areas, 
and wetlands; monitoring for invasive species and eliminat-
ing or controlling invasive populations; understanding and 
managing for community-level patterns and processes; and 
conducting biodiversity surveys to describe current baseline 
conditions and manage changes in fish distribution.

To increase resilience of native fish species and habitats, 
specific tactics include reconnecting floodplains and side 
channels to improve hyporheic and base flow conditions, 
ensuring that passage for aquatic organisms is effective, and 
maintaining large wood in forested riparian areas for shade 
and recruitment to streams (Peterson and Halofsky 2017). 
Accelerating restoration in riparian areas and meadows 
may be an effective and lasting way to improve hydrologi-
cal function and water retention. Prioritizing watershed 
restoration is critical because funds, labor, and time for 
management of native fish populations are limited (Peterson 
et al. 2013). Maintaining or restoring American beaver 
populations provides a “natural” engineering alternative for 
water retention (Pollock et al. 2014, 2015). Managers may 
consider augmenting snowpack with snow fences, such as 
on the Wasatch Plateau, to increase late summer flows.

In stream systems adjacent to grasslands and shrublands, 
livestock grazing can damage aquatic habitat, causing stress 
that may be exacerbated by warmer stream temperatures 
(Peterson and Halofsky 2017). An important adaptation ap-
proach is to manage livestock grazing to restore ecological 
function of riparian vegetation and maintain streambank 
conditions. Specifically, managers can work to ensure that 
standards and guidelines for water quality are adhered to 
and monitored; alter the duration, timing, and intensity of 
grazing to improve streambank vegetative conditions; and 
make improvements that benefit water quality (e.g., offsite 
watering, fencing).

Interactions with nonnative fish species and other aquatic 
organisms are a significant stress for native cold-water fish 
species, and brook trout are a particular concern in the IAP 
region (Chapter 5). Removal of nonnative fish species, 
although challenging in some locations, may be the best 
option for maintaining or restoring native fish populations. 

Chapter 14: Adapting to the Effects of Climate Change
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Environmental DNA (eDNA) monitoring can be useful for 
early detection of invasive species (table 14.3). To increase 
resilience of native species, maintaining or increasing 
habitat connectivity will be important to maintain access to 
summer cold-water refugia (Isaak et al. 2012). In some situ-
ations, however, improving habitat connectivity may present 
a dilemma, because newly accessible waters can be invaded 
by nonnative fish species that can extirpate native species 
(Fausch et al. 2009). In some cases, barriers can be installed 
to prevent nonnative species invasions. Native populations 
above barriers may be secure but could be susceptible to 
loss from extreme disturbance events in limited habitats, 
requiring human intervention to reestablish or supplement 
populations.

In a warmer climate, it is almost certain that increased 
wildfire occurrence will contribute to erosion and sediment 
delivery to streams, thus reducing water quality for fisher-
ies (Luce et al. 2012). Increasing resilience of vegetation 
to wildfire may reduce the frequency and severity of fires 
when they occur. Hazardous fuels treatments that reduce 
forest stand densities and surface fuels are an adaptation 
tactic that is already widely used in dry forest ecosystems 
(Halofsky and Peterson 2016). Disconnecting roads from 
stream networks is especially important because roads are 
a major source of sediment delivery to streams (Luce et al. 
2012). Finally, erosion control measures can reduce postfire 
sediment delivery and are often a component of Burned 
Area Emergency Response (commonly known as “BAER”) 
on Federal lands.

Management actions in a changing climate will be more 
effective when informed by baseline surveys and long-term 
monitoring (Isaak et al. 2016). More data are needed for 
streamflow (more sites), stream temperature (annual data 
from sensors maintained over many years), and distributions 
of aquatic organisms. These data can be used for improved 
status-and-trend descriptions and to develop robust (more 
accurate and precise) models for species to understand the 
interactions of climate change, natural variation, and land 
management on aquatic species. The NorWeST stream 
temperature database (described in Chapter 5) could provide 
information for monitoring network design. The feasibility 
of monitoring at small to broad scales is increasing with 
the advent of rapid, reliable eDNA inventories of aquatic 
organisms (Thomsen et al. 2012) and the availability of 
inexpensive, reliable temperature and flow sensors (USEPA 
2014).

A comprehensive summary of strategies and tactics for 
adapting fisheries and aquatic habitat management to the 
effects of climate change can be found in Appendix 5.

Adapting Forest Vegetation 
Management to the Effects  

of Climate Change
In the IAP region, wildfire exclusion, combined with ex-

tensive even-aged timber management and other land uses, 
has resulted in dry forests at risk to wildfire, insects, and 
disease (Schoennagel et al. 2004). As in other adaptation 
efforts (Halofsky and Peterson 2016; Peterson and Halofsky 
2017), many tactics developed by IAP managers were 
focused on increasing resilience of forests to disturbance, 
mainly fire (table 14.4). Thinning and prescribed fire can 
both be used to reduce forest density and promote drought- 
and disturbance-resilient species, such as western larch. 
Promoting landscape diversity, in terms of species, age 
classes, and structure, is also likely to increase forest resil-
ience to wildfire, insects, and disease (Janowiak et al. 2014). 
Promoting legacy trees of disturbance-resilient species may 
help to increase postfire regeneration. Managers may also 
want to increase seed collection and ensure that adequate 
nursery stock is available for postdisturbance planting (e.g., 
serotinous lodgepole pine) (Halofsky and Peterson 2016). 
Better understanding of potential disturbance regimes of the 
future and potential thresholds will help managers to better 
assist in ecosystem transition (Janowiak et al. 2014). With 
larger fires in the future, it will also be increasingly impor-
tant for agencies to coordinate and work across boundaries 
to manage and suppress fire (Spies et al. 2010).

The area of alpine and subalpine vegetation will probably 
decrease in the IAP region, and frequency of drought and 
fire is likely to increase in subalpine forests (Chapter 6). 
Development of a consistent monitoring framework that 
can capture ecosystem changes with shifting climate is a 
key adaptation approach (Halofsky and Peterson 2016). For 
example, tracking tree species regeneration and distribution 
will help managers to determine how species are respond-
ing to climatic changes and how to adjust management 
accordingly (e.g., guidelines for planting). For species that 
are currently stressed, such as spruce and fir species in the 
subalpine zone, seed collection, regeneration treatments, and 
planting may be necessary to ensure their persistence on the 
landscape.

Climate change will probably accelerate whitebark pine 
mortality through increased mountain pine beetle activity, 
fire, and white pine blister rust (Chapter 8). There is also 
likely to be a loss of site conditions that support whitebark 
pine (Chapter 6). To promote resilient whitebark pine 
communities, managers may want to focus restoration ef-
forts on sites less likely to be affected by climate change 
(i.e., refugia). A variety of management strategies can be 
implemented to promote whitebark pine, including fire man-
agement with fuelbreaks, removing competing species (e.g., 
subalpine fir), and increasing structural and age-class di-
versity of whitebark pine communities (Keane et al. 2017). 
Genetically selected seedlings can be planted to promote 

Chapter 14: Adapting to the Effects of Climate Change
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blister rust resistance. Managers may want to control beetle 
outbreaks in whitebark pine with Verbenone, particularly in 
high-value areas.

Recent decline has made quaking aspen a species of 
concern in the IAP region (Chapter 7), particularly because 
of its value as wildlife habitat (see the Adapting Terrestrial 
Animal Management to the Effects of Climate Change sec-
tion below). Direct and indirect effects of future climate 
change may further stress this species. In older aspen stands, 
increasing the early-seral component may help to increase 
resilience. On sites with good aspen potential, managing 
herbivory by wildlife and livestock will help to ensure aspen 
regeneration and stand development (Rogers and Mittanck 
2014). Removing competing vegetation, such as juniper and 
other conifers, is likely to help to increase aspen vigor and 
regeneration. Following fire, maximizing genetic diversity 
will help to ensure future persistence of aspen (DeRose et al. 
2014).

Key climate change vulnerabilities for riparian areas and 
GDEs include shifts in the hydrological regime (changes in 
timing and magnitude of flows, lower summer flows) and 
changing biotic productivity and diversity in springs and 
wetlands. Maintaining or restoring stream channel form 
helps to increase hydrological function and store water, 
thereby benefiting riparian and wetland vegetation, water 
quality, and aquatic habitat (Peterson and Halofsky 2017). 
Restoring and protecting riparian vegetation by manag-
ing livestock, wild horse and burro, and recreational use 
similarly helps to protect aquatic habitat and water quality 
by increasing water storage and providing shade to streams 
(Peterson and Halofsky 2017). In areas where upland, inva-
sive, or undesirable species are outcompeting native species, 
restoring riparian and wetland obligate species may help 
to restore ecological function. Riparian zones will prob-
ably burn more frequently with warming climate, and thus 
managers may want to manage upland vegetation to reduce 
impacts in riparian areas (Luce et al. 2012). In some riparian 
areas, managers may want to reintroduce fire to help facili-
tate the transition to future conditions.

A comprehensive summary of strategies and tactics for 
adapting forest vegetation management to the effects of 
climate change can be found in Appendix 6.

Adapting Nonforest Vegetation 
Management to the Effects of 

Climate Change
Nonforest vegetation in the IAP region will almost cer-

tainly be affected by altered fire regimes, increased drought, 
and increased establishment of invasive species in a chang-
ing climate (Chapter 7). Effects of climate change will also 
compound existing stressors in nonforest ecosystems caused 
by human activities (Chapter 7). Thus, adaptation options 
for nonforest vegetation focus on increasing the resilience 

of rangeland ecosystems, including sagebrush and persistent 
pinyon-juniper ecosystems (table 14.5).

To control invasive species in rangelands, managers 
suggested minimizing spread and using biological controls, 
herbicides, and mechanical treatments (table 14.5). It may 
be particularly important to protect refugia, or areas that 
have not been invaded, and make sure that invasive species 
do not become established. Proactive management tactics 
such as early detection and rapid response can be used for 
new invasions (Reeves et al. 2017). Conducting outreach 
to educate employees and the public about invasive species 
and increasing collaboration among landowners and manag-
ers will also be necessary to effectively control invasive 
species (Hellmann et al. 2008).

In addition to invasive species control and prevention, 
grazing management will be important in maintaining and 
increasing resilience of nonforest vegetation to climate 
change. Climatic changes will lead to altered availability 
of forage and water, requiring some reconsideration of 
grazing strategies; flexible and perhaps novel grazing man-
agement plans may be necessary (Reeves et al. 2017). For 
example, altering the timing of use from year to year may 
help encourage recovery of all species by avoiding stress 
at the same period of growth (or dormancy) every year. 
Adapting grazing management may be particularly effective 
in allotments where soils and hydrology will support future 
sagebrush ecosystems in a warming climate (table 14.5).

To maintain native perennial species in sagebrush 
ecosystems, native seed sources adapted to future climatic 
conditions can be used for planting and restoration, fuel-
breaks and fencing can be used for protection, and modified 
grazing strategies can be used to allow for flexibility in sea-
son of use (Reeves et al. 2017). Developing modified seed 
zones and promoting propagation of native seed sources for 
sagebrush ecosystems will help to ensure the success of res-
toration efforts. In sagebrush ecosystems where pinyon pine 
and juniper have encroached, active management (removal) 
is likely to help increase sagebrush resilience (Creutzburg 
et al. 2014). Given limited budgets, managers will need to 
prioritize areas for treatments where they will get the most 
return on investment (table 14.5).

A comprehensive summary of strategies and tactics for 
adapting nonforest vegetation management to the effects of 
climate change can be found in Appendix 7.

Adapting to the Effects of 
Ecological Disturbances  
in a Changing Climate

The frequency and extent of wildfire are likely to 
increase with warming in many dry forest and shrubland 
ecosystems of the IAP region (Littell et al. 2009). Increased 
fire activity was identified during the workshops as a pri-
mary concern for resource managers in the IAP because of 
the potential negative effects on species, ecosystems, and 
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ecosystem services. Managers recommended that fuels treat-
ments be conducted in strategic locations with the goal of 
protecting the wildland-urban interface and other high-value 
resources (table 14.6). Effective fire management requires 
better communication that helps clarify what actions need 
to occur and in what locations. For example, fire manag-
ers need to know when it is acceptable for a fire to cross 
administrative boundaries (e.g., move from USFS to Bureau 
of Land Management lands). As noted previously, with 
larger fires in the future, it will be increasingly important for 
agencies to coordinate and work across boundaries to both 
manage (e.g., fire for resource benefit) and suppress fire 
(Spies et al. 2010).

After fires occur, managers will need to identify, priori-
tize, and protect values at risk from postfire events such 
as flooding, erosion, and drought (e.g., soil, water, infra-
structure, and vegetation) (table 14.6) (Luce et al. 2012). 
Programs could be initiated to assess values and determine 
the best protective actions to prevent negative impacts 
on species and ecosystems. Proactive, strategic plans for 
postfire response and restoration would make postfire 
management more efficient and effective over the long term. 
Postfire management would also benefit from increased col-
laboration among agencies.

Native insect species have long played a role in eco-
system dynamics in the IAP (Chapter 8), and it will be 
important to recognize the role of insects and accept that 
there will be insect-caused tree mortality under changing 
climate. However, there are some management actions 
that may increase ecosystem resilience to native insect 
outbreaks, such as mountain pine beetle outbreaks. For 
example, restoring historical fire regimes in dry forests, 
and increasing diversity of forest structure and age and 
size classes may help to minimize the impacts of insect 
outbreaks (Churchill et al. 2013). Increasing tree species 
diversity may also help to improve resilience to insect out-
breaks (Dymond et al. 2014), particularly in low-diversity 
stands. In high-value areas, tactics such as beetle traps, 
spraying, and pheromones can be used to control beetles 
(table 14.6).

To manage invasive insect outbreaks, a first step is to 
identify nonnative invasive insects currently in the region 
(e.g., balsam woolly adelgid), monitor them, and consider 
potential future distribution. Monitoring could also be done 
for other invasive insects that are not currently present in 
the region, but that may be a future risk (e.g., spruce aphid, 
spruce-fir looper). Development of an integrated pest man-
agement strategy would help guide strategic monitoring and 
response to invasive insect outbreaks.

Human activities can also be considered a type of eco-
system disturbance, and climate change may exacerbate 
stresses to ecosystems and infrastructure caused by more 
people residing in the forest environment (table 14.6). To 
mitigate human impacts on ecosystems, managers can work 
to minimize increases in area of human disturbance and 
minimize adverse effects of infrastructure (roads, driveways, 
power lines, water delivery) on National Forest lands. 

Increasing ecological connectivity and habitat continuity 
and viability will also help plants and animals adjust to hu-
man disturbance and climate change effects (Mawdsley et 
al. 2009).

A comprehensive summary of strategies and tactics for 
adapting to the effects of increased disturbance with climate 
change can be found in Appendix 8.

Adapting Terrestrial Animal 
Management to the Effects  

of Climate Change
Effects of climate change on terrestrial animals (wildlife) 

may already be recognized as threats (e.g., loss of wetlands 
or old-growth forest) or may point toward novel impacts 
(e.g., effects of earlier snowmelt). Exacerbation of current 
threats may require intensified conservation efforts, while 
threats unique to climate change will require innovative 
strategies (Bagne et al. 2014). The key to finding effective 
management actions is to identify the factors responsible 
for how a species may be vulnerable or resilient. In addition 
to enhancing single species management, a list of species 
and their vulnerabilities can make efforts more efficient by 
identifying common issues among species.

Increased water stress is likely to be a common issue 
among many animal species in the IAP region in a changing 
climate (table 14.7) (Chapter 9). Increasing temperatures 
and changing hydrology will affect riparian areas and, in 
particular, wetlands. Riparian and wetland habitats are 
important for many wildlife species across the IAP region 
(Chapter 9). The primary strategy for improving riparian 
habitat resilience is to restore or preserve floodplain con-
nectivity appropriate to the landscape setting to promote 
retention of flood flows and improved storage of groundwa-
ter; maintaining healthy American beaver populations is one 
of several ways that this can be accomplished (Pollock et al. 
2014, 2015). Beaver complexes can buffer riparian systems 
against both low and high streamflows, and provide habitat 
structure and foraging opportunities for multiple species. 
As described previously, increasing hydrological function 
and minimizing stressors (e.g., unmanaged or mismanaged 
livestock grazing and recreational use) to riparian and 
wetland systems will help to increase their resilience, and 
the resilience of species that depend on them, to climate 
change (Peterson and Halofsky 2017). Promoting connectiv-
ity of riparian habitat conditions along stream networks can 
also help to provide for animal movement and range shifts 
(Mawdsley et al. 2009).

Removal or control of invasive plants or animals is 
another strategy that is likely to increase resilience of plant 
communities and wildlife that depend on them. Climate 
change may present more opportunities for establishment 
of invasive species. However, control of invasive species 
may be more successful when they are stressed by climate 
extremes (Higgins and Wilde 2005; Rahel and Olden 2008). 
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Preventive and early intervention programs to control 
invasive species can be applied where range expansion is 
predicted (Davies and Johnson 2011). Targeting the vulner-
abilities of undesirable species fits well with “no regrets” 
and “win-win” strategies of climate change adaptation 
(Bagne and Finch 2013; Peterson et al. 2011b).

Changing fire regimes are another climate stressor 
common to many species in the IAP region (Chapter 8). 
Changing intensity and frequency of fire with climate 
change are likely to decrease area and connectivity of some 
habitats, notably late-successional and mature forest and 
big sagebrush (Chmura et al. 2011). Fuels reduction and 
strategic placement of fuelbreaks could help to lower fire se-
verity and protect valued habitats (Peterson et al. 2011a). In 
ponderosa pine forests, where there are currently high levels 
of fuel loading relative to historical conditions (Chapter 6), 
creating more open conditions with fewer trees may be de-
sirable for long-term sustainability in areas where increased 
seasonal drought stress is anticipated. Diverse understory 
food plants and shrub patches are important components of 
this habitat, and minimizing grazing impacts and controlling 
invasive plants can help to maintain characteristic fuel pat-
terns and understory diversity (table 14.7). In areas where 
stand-replacing fires have occurred, planting adapted (lo-
cally sourced) ponderosa pine is likely to enhance survival. 
A significant challenge will be promoting the development 
of large tree and open understory conditions in capable areas 
where large trees of fire-resilient species are not currently 
present (Stine et al. 2014).

Quaking aspen was identified as important because of its 
high productivity, role in structural diversity, and habitat for 
cavity-nesting birds. Ruffed grouse were also identified as 
strongly tied to aspen habitats. Reduction in the distribution 
and abundance of aspen is projected for some locations (es-
pecially lower elevation) in a warmer climate (Chapter 6). 
Tactics for promoting aspen resilience are use of prescribed 
fire and logging to remove conifers from aspen stands, pro-
tection from grazing, and public outreach on the importance 
of aspen for wildlife habitat (table 14.7).

In high-elevation alpine habitats, climate change will 
probably alter species composition of both plants and ani-
mals because of shrinking snowpack, changes in timing of 
snowmelt, and increasing temperatures that allow species 
to move into alpine ecosystems (Chapter 6). Minimizing 
new stressors on alpine ecosystems may help to increase 
their resilience. For example, mountain goat populations 
can be maintained at levels that eliminate adverse impacts. 
As snow-based recreation is concentrated in smaller 
areas, efforts to minimize human impacts may be needed. 
Identifying and protecting climate and disturbance refugia 
can help to maintain high-elevation habitats for wildlife 
(Morelli et al. 2016). Population monitoring can also be a 
useful tool when climate effects or management options are 
uncertain.

A comprehensive summary of strategies and tactics for 
adapting terrestrial animal and habitat management to the 
effects of climate change can be found in Appendix 9.

Adapting Outdoor Recreation 
Management to the Effects of 

Climate Change
Outdoor recreationists are highly adaptable to chang-

ing conditions (Hand and Lawson 2017). For example, 
water-based recreationists may adapt to climate change by 
choosing different sites that are less susceptible to changes 
in water levels (e.g., by seeking higher-elevation natural 
lakes) and changing the type of water-based recreation 
activity they engage in (e.g., from motorized boating on res-
ervoirs to nonmotorized boating on natural lakes). Hunters 
may adapt by altering the timing and location of hunts or 
by targeting different species. Similarly, wildlife viewers 
may change the timing and location of viewing experiences 
and target different species. However, adaptation options 
for wildlife recreation may be limited if the abundance or 
distribution of highly valued species decreases the chance of 
viewing, and if substitute species are not available (Scott et 
al. 2007).

Management of recreation by Federal agencies may pres-
ent considerable challenges under climate change (Hand and 
Lawson 2017). Managers may need to reconsider how infra-
structure investments and the provisioning and maintenance 
of facilities align with changing ecological conditions and 
demands for recreation settings. The Recreation Opportunity 
Spectrum (Clark and Stankey 1979) can be used to match 
changing conditions and preferences to the allocation of 
available recreation opportunities. Adaptation by managers 
may take the form of responding to changing recreation pat-
terns, but also helping to shape the settings and experiences 
that are available to recreation users on public lands in the 
future (Hand and Lawson 2017).

For winter recreation, a general adaptation strategy is 
to transition recreation management to address shorter 
winter recreation seasons and changing recreational use 
patterns. Specifically, opportunities may exist to expand 
facilities where concentrated use increases, and options for 
snow-based recreation can be diversified to include more 
snowmaking, additional ski lifts, and higher-elevation runs 
(Scott and McBoyle 2007). In some cases, however, adapta-
tion actions related to the availability and quality of winter 
recreation opportunities could result in tradeoffs with other 
activities (e.g., warm-weather access to higher-elevation 
sites or effects of snowmaking on streamflow) (Hand and 
Lawson 2017).

With higher temperatures and earlier snowmelt, warm-
weather activity seasons are likely to lengthen (Mendelsohn 
and Markowski 2004). Recreation managers have options 
for responding to changing patterns in warm season rec-
reation demand in order to provide sustainable recreation 
opportunities. A first step will be to conduct assessments 
to understand the changing patterns of use (Hand and 
Lawson 2017) (table 14.8). Then, adjustments can be made 
to increase the capacity of recreation sites that are showing 

Chapter 14: Adapting to the Effects of Climate Change
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increased use (e.g., campgrounds can be enlarged, and more 
fences, signs, and gates can be installed where necessary). 
However, there may be some limitations to increasing 
the capacity of some recreation sites. Managers will have 
to consider how use in the shoulder seasons is managed, 
adjusting timing of actions such as road and trail openings 
and closures and special use permits (Strauch et al. 2015). 
Managers may want to establish defined season of use for 
activities that were historically most popular in the summer 
but that may become more common in the spring and fall 
shoulder seasons, such as all-terrain vehicles and mountain 
bikes. As an alternative to date-specific closures, recreation 
managers could continuously monitor conditions and use 
weather- or condition-specific closures.

As temperatures increase, there may be increased de-
mand for water-based recreation in particular (Mendelsohn 
and Markowski 2004). With shifts in timing of flow and 
lower summer streamflows, however, water-based recreation 
may become unavailable in some locations at certain times 
(Hand and Lawson 2017). Identifying places that are likely 
to be affected by climate change (either loss of water-based 
recreation, or where more recreation will be concentrated) 
will help managers plan for these changing patterns. 
Managing lake and river access capacity, and managing 
public expectations on site availability may also be neces-
sary. Monitoring will be critical to assessing changes in use 
patterns and identifying demand shifts.

A comprehensive summary of strategies and tactics for 
adapting outdoor recreation management to the effects of 
climate change can be found in Appendix 10.

Adapting Infrastructure 
Management to the Effects  

of Climate Change
As snowpacks decline and rain-to-snow ratios increase 

with warming temperatures, flooding may increase in some 
parts of the IAP region (Chapter 4). Thus, reducing the vul-
nerability of roads and infrastructure to flooding is a primary 
concern to managers. National Forests contain thousands 
of miles of roads, mostly unpaved. Damage to those roads 
and associated drainage systems reduces access by users 
and is extremely expensive to repair (Strauch et al. 2015). 
Road damage often has direct and deleterious effects on 
aquatic habitats as well, particularly when roads are adjacent 
to streams (Luce and Black 1999). Resilience to higher 
peakflows and frequency of flooding can be increased by 
(1) adapting the design standards where future rain-on-snow 
events are expected (Halofsky et al. 2011), (2) conducting 
a risk assessment of vulnerable roads and infrastructure 
(Strauch et al. 2015), and (3) performing road blading and 
grading activities during periods when natural moisture 
conditions are optimum (using water trucks as needed to 
supplement) (table 14.9).

In addition to flooding, fire and changing recreation 
demands may affect access to infrastructure for forest use 
(Strauch et al. 2015). As a first step, it will be important to 
determine how traffic patterns are changing seasonally. At-
risk roads, specifically those that are prone to flooding, have 
insufficient culverts, or are located on unstable surfaces, can 
then be identified in high-use locations and be either up-
graded or decommissioned (Halofsky et al. 2011). Damaged 
roads should not necessarily be rebuilt in kind, but rather 
rebuilt using specifications that account for climate-related 
changes (e.g., different levels and seasons of precipitation 
and use) or decommissioned (Halofsky et al. 2011; Strauch 
et al. 2015) (table 14.9).

Increases in extreme storm events and flooding with 
climate change may also affect bridges, dams, and levees. 
It will be important for specialists to consider increases 
in future extreme storm events when evaluating existing 
inventory for capacity and structural integrity, in structure 
design, and when determining location of new infrastructure 
(Strauch et al. 2015). Infrastructure management in a chang-
ing climate will benefit from increased coordination with 
partners (table 14.9).

 Buildings, including recreation residences, may face 
increased risk from catastrophic events, including fire, snow, 
flooding, avalanche, and ecological disturbance (Chapters 
4, 8). The high cost of relocating buildings from floodplains 
and other high-risk locations will require that adaptation 
options focus on prevention of damage. For example, areas 
surrounding buildings can be examined for hazard trees, 
and the hazard trees removed. Managers and recreation 
residence holders can follow recommended practices for 
keeping buildings safe from fires (e.g., by removing flam-
mable vegetation in areas near buildings) (table 14.9). In 
some cases, however, risk thresholds may be exceeded, and 
recreation residences and other buildings may need to be 
relocated or removed.

A comprehensive summary of strategies and tactics for 
adapting infrastructure management to the effects of climate 
change can be found in Appendix 11.

Adapting Cultural Resource 
Management to the Effects  

of Climate Change
Climate change poses several threats to cultural resources 

in the IAP region (Morgan et al. 2016; Rockman 2015). 
Increased fire will result in increased erosion and loss of 
vegetation, which may exacerbate damage and other impacts 
to cultural resources (Davis 2017). Fuels reduction around 
significant cultural resources already takes place in some 
locations, but these efforts could be increased to further re-
duce likelihood of high-severity fire and damage to cultural 
resources (table 14.10). Fuels treatments are particularly im-
portant around flammable wooden structures (Davis 2017). 
In some cases, wooden shingles on historic buildings can 
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be replaced with fire-retardant treated wooden shingles, and 
where appropriate, susceptible structures can be wrapped 
with fire-retardant material when threatened by a wildfire. 
However, fire-retardant air drops on cultural resources 
should be avoided where possible, as they can stain cultural 
resources such as rock art, prehistoric stone structures, 
cliff faces and associated resources, historic buildings, and 
artifacts. Having archaeological resource advisors on fire 
teams can help ensure that practices which damage cultural 
resources are avoided whenever possible.

Traditional food sources may also be lost with increased 
fire, changing habitat conditions, and increased establish-
ment of invasive species under changing climate (Chapter 
12). Resilience of specific habitats to fire and other threats 
could be enhanced through silvicultural treatments and 
prescribed burning, although the effectiveness of treatments 
relative to the scope and scale of the cultural landscape is 
difficult to evaluate (Davis 2017). Careful monitoring and 
tracking of vegetation stability and change in cultural land-
scapes will become increasingly important in future decades 
(Davis 2017). Managers may also want to identify and 
protect areas that are likely to be suitable for traditional food 
gathering under future climatic conditions (table 14.10).

An effective defense against losing structures and other 
cultural resources to fire is for managers to know which 
resources are under their jurisdiction, and where those re-
sources are located (Rockman 2015). Survey and evaluation 
in areas where cultural resources are concentrated or likely 
is ongoing, although intermittent, in the IAP region. It will 
be possible to locate and monitor cultural resources only 
if these efforts are significantly expanded. High-elevation 
melting ice patches are a particular priority, but surveys 
are also critical in other locations where cultural resources 
are likely to be affected by fire or flooding and debris 
flows in mountain canyon and foothills areas (Davis 2017). 
Correlating areas where cultural resources are common with 
areas where disturbances are expected will help to focus 
attention in landscapes at greatest risk. Having postfire 
management plans in place before events occur will help to 
ensure efficient and effective postfire actions (table 14.10).

Warming temperatures will extend the warm-weather rec-
reation season, potentially putting more pressure on cultural 
resources and sites. These impacts can be minimized if land 
managers work closely with their heritage staff to identify 
sites that are being damaged due to visitation, implement 
on-the-ground site monitoring, and have a plan in place to 
address resources that are anticipated to have more frequent 
visitation in the future. Managers can also provide education 
and interpretation to inform the public about why cultural 
resources are important. Other options include redirecting 
users to less sensitive areas and protecting cultural resources 
with physical barriers, fencing, vegetation screening, and 
access management (table 14.10).

A comprehensive summary of strategies and tactics for 
adapting management of cultural resources to the effects of 
climate change can be found in Appendix 12.

Adapting Ecosystem Services to 
the Effects of Climate Change
The climate change vulnerabilities in ecosystem services 

that pose the highest concern include availability and qual-
ity of forage for livestock, the availability and quality of 
municipal water, and habitat for pollinators. Many of these 
vulnerabilities stem from likely climate change impacts on 
other resources covered in this chapter.

Increased atmospheric carbon dioxide concentrations 
may increase rangeland productivity by increasing water-
use efficiency (Polley et al. 2013; Reeves et al. 2014). In 
moisture-limited systems, however, increased temperatures 
will increase evaporative demand and reduce soil moisture 
and productivity unless precipitation increases significantly 
(Polley et al. 2013). Increased wildfire area burned and 
establishment of nonnative species may also decrease range-
land productivity. Managers at the workshops proposed 
adaptation strategies for grazing that focused on increasing 
resilience of rangeland vegetation, primarily through non-
native species control and prevention (table 14.11). Demand 
for grazing on high-elevation National Forest land may 
increase with warming. Federal land managers identified 
increasing flexibility in timing, duration, and intensity of 
authorized grazing as a tactic to prevent ecosystem degra-
dation under changing conditions. They also stressed the 
importance of developing a holistic approach to grazing 
management, taking the needs of ranchers into consider-
ation, and developing a collaborative relationship with range 
permittees that focuses on problem solving rather than rule 
enforcement.

Climate change is expected to alter hydrological regimes, 
with impacts on quantity and quality of municipal water 
supply (Chapter 4). Therefore, strategies developed for 
water resource management on National Forest lands should 
consider the timing of water availability as well as the 
quality of water delivered beyond National Forest System 
lands. Conducting assessments of potential climate change 
effects on municipal water supply and identifying potential 
vulnerabilities will help facilitate adaptive actions that can 
minimize climate change impacts. Water quality can be 
addressed by: (1) reducing hazardous fuels in dry forests to 
reduce the risk of crown fires, (2) reducing other types of 
disturbances (e.g., off-road vehicles, unregulated livestock 
grazing), and (3) using road management practices that 
reduce erosion (Peterson and Halofsky 2017). These tactics 
should be implemented primarily in high-value locations 
(near communities and reservoirs) on public and private 
lands. Communication among agencies, landowners, stake-
holders, and governments will be essential to ensure future 
municipal water supply (Peterson and Halofsky 2017) (table 
14.11).

Increasing temperatures are likely to have an effect 
on the thermoregulation of pollinators and may lead to a 
mismatch in the timing of emergence of flowers and pollina-
tors (Fagan et al. 2014). Another possible indirect effect of 
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climate change on pollinators may be habitat loss and frag-
mentation with invasive species and vegetation type shifts, 
leading to a reduction in forage resources or an increase 
in pests and diseases. Tools to promote native pollinators 
include directing National Forests and other agency units 
to improve pollinator habitat by increasing native vegeta-
tion and by applying pollinator-friendly best management 
practices (table 14.11). Establishing a reserve of native seed 
mixes, including pollinator friendly plants that are adapted, 
available, affordable, and effective, will help to increase 
availability of pollinator friendly materials and encourage 
their use. Revegetation guidelines could be developed that 
incorporate menu-based seed mixes by habitat type (e.g., 
species that are good for pollinators, sage-grouse, umbrella 
species) and by empirical or provisional seed zones. To 
ensure that pollinators are considered in agency activities, 
a checklist could be developed that helps managers incor-
porate pollinator services in planning, project analysis, and 
decisionmaking.

A comprehensive summary of strategies and tactics for 
adapting management of ecosystem services to the effects of 
climate change can be found in Appendix 14.

Conclusions
The IAP vulnerability assessment and workshop process 

resulted in a comprehensive list of climate change adapta-
tion strategies for natural resource management in the 
region. Although most of the suggested strategies and tactics 
focused on increasing resilience, there were some involving 
resistance (e.g., protection of whitebark pine) and response 
(e.g., transitioning recreation management to account for 
changing use patterns with climate change). Adaptation 
strategies and tactics that have benefits to more than one 
resource are likely to be most beneficial (Peterson et al. 
2011b). Management activities intended to reduce fuels and 
restore hydrological function are standard practices, sug-
gesting that many current resource management actions are 
already climate smart. However, the locations where actions 
are implemented may be different or strategically targeted 
in the context of climate change. For example, treatments 
for aspen may be targeted toward persistent aspen communi-
ties that are expected to expand and maintain communities 
where future climatic conditions will allow.

Implementation will be the next challenge for the IAP 
(Chapter 15). Although implementing all adaptation options 
described in this chapter may not be feasible, managers can 
choose from the menu of strategies and tactics presented 
here. These adaptation strategies and tactics can thus pro-
vide the basis for climate-smart management in the region.
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Appendix 5—Water Resource Adaptation Options 
Developed for the Intermountain Adaptation 
Partnership Region

The following tables describe climate change sensitivities and adaptation strategies and tactics for water resources, 
developed in a series of workshops as a part of the Intermountain Adaptation Partnership (IAP). Tables are organized by 
subregion within the IAP. See Chapter 14 for summary tables and discussion of adaptation options for water resources.
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Appendix 6—Aquatic Organism Adaptation Options 
Developed for the Intermountain Adaptation 
Partnership Region

The following tables describe climate change sensitivities and adaptation strategies and tactics for aquatic organisms, 
developed in a series of workshops as a part of the Intermountain Adaptation Partnership (IAP). Tables are organized by 
subregion within the IAP. See Chapter 14 for summary tables and discussion of adaptation options for native fish and other 
aquatic organisms.
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Appendix 7—Forest Vegetation Adaptation Options 
Developed for the Intermountain Adaptation 
Partnership Region

The following tables describe climate change sensitivities and adaptation strategies and tactics for forest vegetation, 
developed in a series of workshops as a part of the Intermountain Adaptation Partnership (IAP). Tables are organized by 
subregion within the IAP. See Chapter 14 for summary tables and discussion of adaptation options for forest vegetation.
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Appendix 8—Nonforest Vegetation Adaptation Options 
Developed for the Intermountain Adaptation 
Partnership Region

The following tables describe climate change sensitivities and adaptation strategies and tactics for nonforest vegetation, 
developed in a series of workshops as a part of the Intermountain Adaptation Partnership (IAP). Tables are organized by 
subregion within the IAP. See Chapter 14 for summary tables and discussion of adaptation options for nonforest vegetation.
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Appendix 9—Ecological Disturbance Adaptation 
Options Developed for the Intermountain Adaptation 
Partnership Region

The following tables describe climate change sensitivities and adaptation strategies and tactics for ecological distur-
bance, developed in a series of workshops as a part of the Intermountain Adaptation Partnership (IAP). Tables are organized 
by subregion within the IAP. See Chapter 14 for summary tables and discussion of adaptation options for ecological 
disturbances.
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Appendix 10—Terrestrial Animal Adaptation Options 
Developed for the Intermountain Adaptation 
Partnership Region

The following tables describe climate change sensitivities and adaptation strategies and tactics for terrestrial animals, 
developed in a series of workshops as a part of the Intermountain Adaptation Partnership (IAP). Tables are organized by 
subregion within the IAP. See Chapter 14 for summary tables and discussion of adaptation options for terrestrial animals.
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Appendix 11—Outdoor Recreation Adaptation Options for 
the Intermountain Adaptation Partnership Region

The following tables describe climate change sensitivities and adaptation strategies and tactics for outdoor recreation, 
developed in a series of workshops as a part of the Intermountain Adaptation Partnership (IAP). Tables are organized by 
subregion within the IAP. See Chapter 14 for summary tables and discussion of adaptation options for recreation.
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Appendix 12—Infrastructure Adaptation Options for the 
Intermountain Adaptation Partnership Region

The following tables describe climate change sensitivities and adaptation strategies and tactics for infrastructure, 
developed in a series of workshops as a part of the Intermountain Adaptation Partnership (IAP). Tables are organized by 
subregion within the IAP. See Chapter 14 for summary tables and discussion of adaptation options for infrastructure.
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Appendix 13—Cultural Resource Adaptation Options for 
the Intermountain Adaptation Partnership Region

The following tables describe climate change sensitivities and adaptation strategies and tactics for cultural resources, 
developed in a series of workshops as a part of the Intermountain Adaptation Partnership (IAP). Tables are organized by 
subregion within the IAP. See Chapter 14 for summary tables and discussion of adaptation options for cultural resources.

Chapter 14: Adapting to the Effects of Climate Change



USDA Forest Service RMRS-GTR-375.  2018 495

Ta
bl

e 
13

A
.1

—
C

ul
tu

ra
l r

es
ou

rc
e 

ad
ap

ta
tio

n 
op

tio
ns

 d
ev

el
op

ed
 a

t t
he

 S
ou

th
er

n 
G

re
at

er
 Y

el
lo

w
st

on
e 

su
br

eg
io

n 
w

or
ks

ho
p.

Se
ns

it
iv

it
y 

to
 c

lim
at

ic
 v

ar
ia

bi
lit

y 
an

d 
ch

an
ge

: L
os

s 
of

 tr
ad

iti
on

al
 fo

od
 s

ou
rc

es
 m

ay
 o

cc
ur

 w
ith

 s
ev

er
e 

w
ild

fir
e 

A
da

pt
at

io
n 

st
ra

te
gy

/a
pp

ro
ac

h:
 In

te
gr

at
e 

tr
ad

iti
on

al
 e

co
lo

gi
ca

l k
no

w
le

dg
e 

w
ith

 fi
re

 m
an

ag
em

en
t p

la
ns

 a
nd

 c
ul

tu
ra

l r
es

ou
rc

e 
da

ta
ba

se
 to

 h
ol

is
tic

al
ly

 m
an

ag
e 

fo
r 

tr
ad

iti
on

al
 

fo
od

 s
ou

rc
es

 (i
.e

., 
hu

ck
le

be
rr

ie
s,

 m
us

hr
oo

m
s,

 p
in

e 
nu

ts
, s

ag
e-

gr
ou

se
)

Sp
ec

ifi
c 

ta
ct

ic
 –

 A
Sp

ec
ifi

c 
ta

ct
ic

 –
 B

Sp
ec

ifi
c 

ta
ct

ic
 –

 C

Ta
ct

ic
s

Em
ph

as
iz

e 
pr

es
er

va
tio

n 
of

 tr
ad

iti
on

al
 fo

od
 

so
ur

ce
s 

w
ith

 tr
ib

al
 a

nd
 lo

ca
l s

ig
ni

fic
an

ce
En

ha
nc

e 
re

si
lie

nc
e 

of
 s

pe
ci

fic
 h

ab
ita

ts
 to

 fi
re

 a
nd

 
ot

he
r 

th
re

at
s;

 m
an

ag
e 

fir
e 

to
 m

ai
nt

ai
n 

or
 p

ro
te

ct
 

sa
ge

br
us

h 
ra

ng
el

an
ds

 a
nd

 o
th

er
 s

en
si

tiv
e 

ve
ge

ta
tio

n 
co

m
m

un
ity

 ty
pe

s 
 

Id
en

tif
y 

an
d 

pr
ot

ec
t a

re
as

 s
ui

ta
bl

e 
fo

r 
tr

ad
iti

on
al

 fo
od

 g
at

he
ri

ng
 d

ur
in

g 
fir

e 
su

pp
re

ss
io

n 
an

d 
re

ha
b 

ac
tiv

iti
es

W
he

re
 c

an
 t

ac
ti

cs
 b

e 
ap

pl
ie

d?
A

cr
os

s 
th

e 
na

tio
na

l f
or

es
t a

nd
 r

eg
io

n
A

cr
os

s 
th

e 
na

tio
na

l f
or

es
t a

nd
 r

eg
io

n
A

cr
os

s 
th

e 
na

tio
na

l f
or

es
t a

nd
 

re
gi

on

O
pp

or
tu

ni
ti

es
 fo

r 
im

pl
em

en
ta

ti
on

C
on

su
lt 

w
ith

 tr
ib

es
; e

lim
in

at
e 

co
m

m
er

ci
al

 
pe

rm
its

 in
 a

re
as

 w
ith

 s
pe

ci
al

 tr
ib

al
 

si
gn

ifi
ca

nc
e;

 w
or

k 
w

ith
 lo

ca
l u

se
r 

gr
ou

ps
 to

 
id

en
tif

y 
ar

ea
s 

of
 c

on
ce

rn
 

C
on

si
de

r 
al

l v
eg

et
at

io
n 

tr
ea

tm
en

ts
 in

cl
ud

in
g 

fir
e 

m
an

ag
em

en
t p

la
nn

in
g 

as
 o

pp
or

tu
ni

tie
s 

fo
r 

en
ha

nc
in

g 
re

si
lie

nc
e;

 c
on

si
de

r 
tr

ad
iti

on
al

 fo
od

 s
ou

rc
es

 d
ur

in
g 

fir
e 

m
an

ag
em

en
t p

la
nn

in
g

C
on

tin
ue

 to
 c

ol
le

ct
 d

at
a 

an
d 

re
fin

e 
m

od
el

s 
to

 b
et

te
r 

un
de

rs
ta

nd
 

lo
ca

tio
n 

of
 tr

ad
iti

on
al

 fo
od

-
ga

th
er

in
g 

ar
ea

s

C
om

m
en

ts
N

ee
d 

to
 in

te
gr

at
e 

tr
ib

al
 a

nd
 lo

ca
l k

no
w

le
dg

e 
w

ith
 e

xi
st

in
g 

Fo
re

st
 S

er
vi

ce
 in

fo
rm

at
io

n
Id

en
tif

y 
th

es
e 

ar
ea

s 
as

 s
oo

n 
as

 p
os

si
bl

e 
N

ee
d 

to
 c

oo
rd

in
at

e 
w

ith
 

re
se

ar
ch

er
s,

 fi
re

 m
an

ag
er

s,
 tr

ib
es

, 
an

d 
cu

ltu
ra

l r
es

ou
rc

e 
st

af
f

Se
ns

it
iv

it
y 

to
 c

lim
at

ic
 v

ar
ia

bi
lit

y 
an

d 
ch

an
ge

: I
nc

re
as

ed
 fi

re
 w

ill
 r

es
ul

t i
n 

in
cr

ea
se

d 
er

os
io

n 
an

d 
lo

ss
 o

f v
eg

et
at

io
n,

 w
hi

ch
 m

ay
 in

cr
ea

se
 d

am
ag

e 
an

d 
im

pa
ct

s 
to

 c
ul

tu
ra

l 
re

so
ur

ce
s

A
da

pt
at

io
n 

st
ra

te
gy

/a
pp

ro
ac

h:
 E

nc
ou

ra
ge

 p
re

di
st

ur
ba

nc
e 

an
d 

po
st

di
st

ur
ba

nc
e 

st
ra

te
gi

es
 to

 p
ro

te
ct

 c
ul

tu
ra

l r
es

ou
rc

es

Sp
ec

ifi
c 

ta
ct

ic
 –

 A
Sp

ec
ifi

c 
ta

ct
ic

 –
 B

Sp
ec

ifi
c 

ta
ct

ic
 –

 C

Ta
ct

ic
s

In
cr

ea
se

 th
e 

us
e 

of
 p

re
sc

ri
be

d 
fir

e 
or

 o
th

er
 v

eg
et

at
io

n 
m

an
ip

ul
at

io
n

In
ve

nt
or

y,
 m

ap
, a

nd
 r

at
e 

fir
e 

ri
sk

 fo
r 

cu
ltu

ra
l r

es
ou

rc
es

D
ev

el
op

 a
 p

la
n 

to
 a

dd
re

ss
 p

os
tfi

re
 im

pa
ct

s 
to

 
cu

ltu
ra

l r
es

ou
rc

es
 th

at
 h

av
e 

be
en

 a
ffe

ct
ed

W
he

re
 c

an
 t

ac
ti

cs
 b

e 
ap

pl
ie

d?
In

 a
nd

 a
ro

un
d 

cu
ltu

ra
l 

re
so

ur
ce

s 
th

at
 a

re
 s

us
ce

pt
ib

le
 

to
 im

pa
ct

 fr
om

 s
ev

er
e 

w
ild

fir
e 

A
cr

os
s 

th
e 

na
tio

na
l f

or
es

t
A

cr
os

s 
th

e 
bu

rn
ed

 a
re

as
 

O
pp

or
tu

ni
ti

es
 fo

r 
im

pl
em

en
ta

ti
on

A
t t

he
 p

ro
je

ct
 p

la
nn

in
g 

le
ve

l; 
du

ri
ng

 th
e 

an
nu

al
 p

ro
gr

am
 o

f 
w

or
k 

di
sc

us
si

on
.

In
te

gr
at

e 
in

ve
nt

or
y 

w
ith

 o
th

er
 s

ur
ve

y 
ne

ed
s 

fo
cu

si
ng

 o
n 

hi
gh

 s
ite

 p
ot

en
tia

l a
re

as
 a

cr
os

s 
th

e 
fo

re
st

; e
nc

ou
ra

ge
 fo

re
st

 p
er

so
nn

el
 a

nd
 th

e 
pu

bl
ic

 to
 

co
nt

ri
bu

te
 in

fo
rm

at
io

n 
on

 a
t-

ri
sk

 s
ite

 lo
ca

tio
ns

  

D
ev

el
op

 lo
ng

-t
er

m
 s

ta
bi

liz
at

io
n 

an
d 

re
st

or
at

io
n 

pl
an

s;
 in

te
gr

at
e 

in
to

 B
ur

ne
d 

A
re

a 
Em

er
ge

nc
y 

R
es

po
ns

e 
(B

A
ER

) p
la

ns
 a

nd
 d

ur
in

g 
th

e 
fo

re
st

 
pl

an
ni

ng
 e

ffo
rt

.  

C
om

m
en

ts
N

ee
d 

to
 id

en
tif

y 
ar

ea
s 

w
ith

 
hi

gh
 s

ta
nd

 d
en

si
ty

 
B

e 
cr

ea
tiv

e 
in

 fi
nd

in
g 

w
ay

s 
to

 c
om

pl
et

e 
th

e 
su

rv
ey

s;
 

ut
ili

ze
 e

xi
st

in
g 

re
so

ur
ce

 in
fo

rm
at

io
n 

(L
iD

A
R

) t
o 

id
en

tif
y 

cu
ltu

ra
l r

es
ou

rc
es

En
su

re
 c

om
m

un
ic

at
io

n 
be

tw
ee

n 
he

ri
ta

ge
 a

nd
 fi

re
 

st
af

f  

Chapter 14: Adapting to the Effects of Climate Change



496 USDA Forest Service RMRS-GTR-375.  2018

Ta
bl

e 
13

A
.1

(c
on

ti
nu

ed
)—

C
ul

tu
ra

l r
es

ou
rc

e 
ad

ap
ta

tio
n 

op
tio

ns
 d

ev
el

op
ed

 a
t t

he
 S

ou
th

er
n 

G
re

at
er

 Y
el

lo
w

st
on

e 
su

br
eg

io
n 

w
or

ks
ho

p.

Se
ns

it
iv

it
y 

to
 c

lim
at

ic
 v

ar
ia

bi
lit

y 
an

d 
ch

an
ge

: I
m

pl
em

en
ta

tio
n 

of
 a

da
pt

at
io

n 
st

ra
te

gi
es

 b
y 

ot
he

r 
re

so
ur

ce
 a

re
as

 m
ay

 a
ffe

ct
 c

ul
tu

ra
l r

es
ou

rc
es

A
da

pt
at

io
n 

st
ra

te
gy

/a
pp

ro
ac

h:
 C

om
pl

y 
w

ith
 N

at
io

na
l H

is
to

ri
c 

Pr
es

er
va

tio
n 

A
ct

 (N
H

PA
) b

ef
or

e 
im

pl
em

en
ta

tio
n 

of
 a

da
pt

at
io

n 
st

ra
te

gi
es

Sp
ec

ifi
c 

ta
ct

ic
 –

 A
Sp

ec
ifi

c 
ta

ct
ic

 –
 B

Sp
ec

ifi
c 

ta
ct

ic
 –

 C

Ta
ct

ic
s

La
rg

e-
sc

al
e 

pl
an

ni
ng

 e
ffo

rt
: I

nt
eg

ra
te

 N
H

PA
 c

on
si

de
ra

tio
ns

 
in

to
 th

e 
de

ve
lo

pm
en

t o
f a

da
pt

at
io

n 
st

ra
te

gi
es

;  i
f c

on
si

de
ri

ng
 

m
od

ifi
ca

tio
n 

of
 la

nd
sc

ap
es

 o
r 

ha
bi

ta
ts

, c
on

si
de

r 
op

po
rt

un
iti

es
 to

 
pr

es
er

ve
 o

r 
pr

ot
ec

t c
ul

tu
ra

l r
es

ou
rc

es
 w

ith
in

 th
e 

ar
ea

s 
co

ns
id

er
ed

 
fo

r 
tr

ea
tm

en
t  

Ea
rl

y 
in

iti
at

io
n 

of
 N

H
PA

 
co

m
pl

ia
nc

e 
du

ri
ng

 s
pe

ci
fic

 p
ro

je
ct

 
pl

an
ni

ng

D
ev

el
op

 a
 p

la
n 

to
 a

dd
re

ss
 c

lim
at

e 
ch

an
ge

 im
pa

ct
s 

to
 c

ul
tu

ra
l 

re
so

ur
ce

s

W
he

re
 c

an
 t

ac
ti

cs
 b

e 
ap

pl
ie

d?
M

us
t b

e 
ap

pl
ie

d 
pr

oj
ec

t-
w

id
e 

A
cr

os
s 

th
e 

na
tio

na
l f

or
es

t
A

cr
os

s 
th

e 
na

tio
na

l f
or

es
t a

nd
 

re
gi

on
 

O
pp

or
tu

ni
ti

es
 fo

r 
im

pl
em

en
ta

ti
on

O
ng

oi
ng

, a
ge

nc
y-

w
id

e
Pr

oj
ec

t i
ni

tia
tio

n,
 o

ut
 y

ea
r 

pl
an

ni
ng

  
En

su
re

 c
om

m
un

ic
at

io
n 

be
tw

ee
n 

he
ri

ta
ge

 a
nd

 o
th

er
 r

es
ou

rc
e 

ar
ea

s 
 

C
om

m
en

ts
A

 r
eq

ui
re

m
en

t; 
tr

ib
al

 c
on

su
lta

tio
n 

al
so

 r
eq

ui
re

d
B

e 
cr

ea
tiv

e 
in

 fi
nd

in
g 

w
ay

s 
to

 
co

m
pl

et
e 

th
e 

su
rv

ey
s;

 u
til

iz
e 

ex
is

tin
g 

re
so

ur
ce

 in
fo

rm
at

io
n 

(L
iD

A
R

) t
o 

id
en

tif
y 

cu
ltu

ra
l 

re
so

ur
ce

s

Ex
pl

or
e 

op
po

rt
un

iti
es

 fo
r 

ot
he

r 
re

so
ur

ce
 m

an
ag

em
en

t t
o 

he
lp

 u
s 

st
ab

ili
ze

 a
nd

 p
re

se
rv

e 
cu

ltu
ra

l 
re

so
ur

ce
s

Se
ns

it
iv

it
y 

to
 c

lim
at

ic
 v

ar
ia

bi
lit

y 
an

d 
ch

an
ge

: I
nc

re
as

ed
 r

ec
re

at
io

n 
m

ay
 th

re
at

en
 c

ul
tu

ra
l r

es
ou

rc
es

A
da

pt
at

io
n 

st
ra

te
gy

/a
pp

ro
ac

h:
 E

du
ca

te
 u

se
rs

 a
nd

 p
ro

te
ct

 c
ul

tu
ra

l r
es

ou
rc

es

Sp
ec

ifi
c 

ta
ct

ic
 –

 A
Sp

ec
ifi

c 
ta

ct
ic

 –
 B

Sp
ec

ifi
c 

ta
ct

ic
 –

 C

Ta
ct

ic
s

R
ed

ir
ec

t p
ub

lic
 to

 le
ss

 s
en

si
tiv

e 
cu

ltu
ra

l a
re

a
Ed

uc
at

io
n 

an
d 

in
te

rp
re

ta
tio

n 
to

 in
fo

rm
 

th
e 

pu
bl

ic
 o

f w
hy

 th
es

e 
re

so
ur

ce
s 

ar
e 

im
po

rt
an

t; 
en

ga
ge

 u
se

r 
gr

ou
ps

D
ir

ec
t p

ro
te

ct
io

n 
w

ith
 p

hy
si

ca
l b

ar
ri

er
s,

 
fe

nc
in

g,
 v

eg
et

at
io

n 
sc

re
en

in
g,

 a
cc

es
s 

m
an

ag
em

en
t

W
he

re
 c

an
 t

ac
ti

cs
 b

e 
ap

pl
ie

d?
Sp

ec
ifi

c 
si

te
s;

 n
ee

d 
to

 id
en

tif
y 

hi
gh

 r
ec

re
at

io
n 

us
e 

lo
ca

tio
ns

 a
nd

 w
he

re
 im

pa
ct

s 
ar

e 
oc

cu
rr

in
g 

or
 m

ay
 o

cc
ur

 in
 th

e 
fu

tu
re

  

D
is

pe
rs

ed
 r

ec
re

at
io

n 
si

te
s,

 s
ys

te
m

 tr
ai

ls
Sp

ec
ifi

c 
si

te
s

O
pp

or
tu

ni
ti

es
 fo

r 
im

pl
em

en
ta

ti
on

D
i v

er
t p

ub
lic

 to
 m

or
e 

ea
si

ly
 s

us
ta

in
ab

le
 s

ite
s 

w
hi

le
 h

ig
hl

ig
ht

in
g 

si
te

s 
th

at
 w

e 
w

an
t t

he
m

 to
 

vi
si

t 

In
fo

rm
 p

ub
lic

 a
bo

ut
 th

e 
im

po
rt

an
ce

 o
f 

cu
ltu

ra
l r

es
ou

rc
e 

et
hi

cs
 a

nd
 r

es
pe

ct
in

g 
th

es
e 

re
so

ur
ce

s

Ph
ys

ic
al

 b
ar

ri
er

s 
an

d 
m

on
ito

ri
ng

C
om

m
en

ts
M

ay
 n

ee
d 

to
 u

se
 p

la
nt

in
gs

, h
ar

ds
ca

pe
, e

tc
. t

o 
di

ve
rt

 v
is

ito
rs

 to
 w

he
re

 w
e 

w
an

t t
he

m
 to

 g
o;

 
ut

ili
ze

 e
ng

in
ee

ri
ng

 te
ch

ni
qu

es

N
ee

d 
to

 w
or

k 
w

ith
 r

ec
re

at
io

n 
st

af
f t

o 
de

te
rm

in
e 

pu
bl

ic
 u

se
 p

at
te

rn
s 

M
or

e 
Fo

re
st

 S
er

vi
ce

 p
re

se
nc

e,
 u

se
 

am
ba

ss
ad

or
s;

 tr
ib

al
 e

ng
ag

em
en

t i
s 

vi
ta

l; 
N

H
PA

 c
om

pl
ia

nc
e 

is
 r

eq
ui

re
d

Chapter 14: Adapting to the Effects of Climate Change



USDA Forest Service RMRS-GTR-375.  2018 497

Ta
bl

e 
13

A
.2

—
C

ul
tu

ra
l r

es
ou

rc
e 

ad
ap

ta
tio

n 
op

tio
ns

 d
ev

el
op

ed
 a

t t
he

 P
la

te
au

s 
su

br
eg

io
n 

w
or

ks
ho

p.

Se
ns

it
iv

it
y 

to
 c

lim
at

ic
 v

ar
ia

bi
lit

y 
an

d 
ch

an
ge

: I
nc

re
as

ed
 fi

re
 w

ill
 r

es
ul

t i
n 

in
cr

ea
se

d 
er

os
io

n 
an

d 
lo

ss
 o

f v
eg

et
at

io
n,

 w
hi

ch
 m

ay
 in

cr
ea

se
 d

am
ag

e 
an

d 
im

pa
ct

s 
to

 a
rc

ha
eo

lo
gi

ca
l 

si
te

s

A
da

pt
at

io
n 

st
ra

te
gy

/a
pp

ro
ac

h:
 E

nc
ou

ra
ge

 p
re

di
st

ur
ba

nc
e 

an
d 

po
st

di
st

ur
ba

nc
e 

st
ra

te
gi

es
 to

 p
ro

te
ct

 h
ig

h-
va

lu
e 

ar
ch

ae
ol

og
ic

al
 s

ite
s 

an
d 

re
so

ur
ce

s

Sp
ec

ifi
c 

ta
ct

ic
 –

 A
Sp

ec
ifi

c 
ta

ct
ic

 –
 B

Sp
ec

ifi
c 

ta
ct

ic
 –

 C

Ta
ct

ic
s

In
cr

ea
se

 th
e 

us
e 

of
 p

re
sc

ri
be

d 
fir

e 
or

 o
th

er
 

ve
ge

ta
tio

n 
m

an
ip

ul
at

io
n

In
ve

nt
or

y,
 m

ap
, a

nd
 r

at
e 

fir
e 

ri
sk

 fo
r 

ar
ch

ae
ol

og
ic

al
 r

es
ou

rc
es

D
ev

el
op

 a
 p

la
n 

to
 a

dd
re

ss
 p

os
tfi

re
 im

pa
ct

s 
to

 
ar

ch
ae

ol
og

ic
al

 s
ite

s 
th

at
 h

av
e 

be
en

 e
xp

os
ed

W
he

re
 c

an
 t

ac
ti

cs
 b

e 
ap

pl
ie

d?
In

 a
nd

 a
ro

un
d 

ar
ch

ae
ol

og
ic

al
 r

es
ou

rc
es

 th
at

 
ar

e 
in

 fi
re

-p
ro

ne
 a

re
as

In
 a

nd
 a

ro
un

d 
ar

ch
ae

ol
og

ic
al

 r
es

ou
rc

es
 

th
at

 a
re

 in
 fi

re
-p

ro
ne

 a
re

as
A

cr
os

s 
th

e 
na

tio
na

l f
or

es
t

O
pp

or
tu

ni
ti

es
 fo

r 
im

pl
em

en
ta

ti
on

A
t t

he
 p

ro
je

ct
 p

la
nn

in
g 

le
ve

l; 
du

ri
ng

 th
e 

an
nu

al
 p

ro
gr

am
 o

f w
or

k 
di

sc
us

si
on

Fo
cu

s 
on

 th
e 

hi
gh

-r
is

k 
ar

ea
s 

as
 p

ar
t o

f 
th

e 
re

qu
ir

ed
 a

nn
ua

l s
ur

ve
ys

; p
ur

su
e 

pa
rt

ne
rs

hi
ps

 w
ith

 a
rc

ha
eo

lo
gy

 g
ro

up
s 

an
d 

or
ga

ni
za

tio
ns

In
 B

ur
ne

d 
A

re
a 

Em
er

ge
nc

y 
R

es
po

ns
e 

(B
A

ER
) p

la
ns

; 
du

ri
ng

 th
e 

fo
re

st
 p

la
nn

in
g 

ef
fo

rt
; i

n 
pr

efi
re

 s
ea

so
n 

pl
an

ni
ng

C
om

m
en

ts
M

ay
 n

ee
d 

to
 p

ri
or

iti
ze

 a
rc

ha
eo

lo
gi

ca
l s

ite
s,

 
pr

op
er

tie
s,

 r
es

ou
rc

es
B

e 
cr

ea
tiv

e 
in

 fi
nd

in
g 

w
ay

s 
to

 c
om

pl
et

e 
th

e 
su

rv
ey

s;
 u

se
 s

at
el

lit
e 

im
ag

er
y 

to
 

id
en

tif
y 

ch
an

gi
ng

 fi
re

 r
is

k

C
om

m
un

ic
at

io
n 

w
ith

 th
e 

he
ri

ta
ge

 o
ffi

ce
r 

or
 s

ta
ff;

 
ot

he
r 

m
aj

or
 d

is
tu

rb
an

ce
s,

 s
uc

h 
as

 fl
oo

di
ng

, c
an

 b
e 

ad
dr

es
se

d 
us

in
g 

th
es

e 
ta

ct
ic

s

Chapter 14: Adapting to the Effects of Climate Change



498 USDA Forest Service RMRS-GTR-375.  2018

Ta
bl

e 
13

A
.3

—
C

ul
tu

ra
l r

es
ou

rc
e 

ad
ap

ta
tio

n 
op

tio
ns

 d
ev

el
op

ed
 a

t t
he

 G
re

at
 B

as
in

 a
nd

 S
em

i D
es

er
t s

ub
re

gi
on

 w
or

ks
ho

p.

Se
ns

it
iv

it
y 

to
 c

lim
at

ic
 v

ar
ia

bi
lit

y 
an

d 
ch

an
ge

: P
in

yo
n 

pi
ne

 fo
re

st
 m

ay
 b

e 
lo

st
 a

s 
a 

cu
ltu

ra
l r

es
ou

rc
e 

du
e 

to
 a

 s
ev

er
e 

w
ild

fir
e 

A
da

pt
at

io
n 

st
ra

te
gy

/a
pp

ro
ac

h:
 In

te
gr

at
e 

tr
ad

iti
on

al
 e

co
lo

gi
ca

l k
no

w
le

dg
e 

w
ith

 W
es

te
rn

 s
ci

en
ce

 to
 h

ol
is

tic
al

ly
 m

an
ag

e 
fo

r 
pi

ne
 n

ut
s 

an
d 

ot
he

r 
va

lu
es

 (e
.g

., 
sa

ge
-g

ro
us

e)

Sp
ec

ifi
c 

ta
ct

ic
 –

 A
Sp

ec
ifi

c 
ta

ct
ic

 –
 B

Sp
ec

ifi
c 

ta
ct

ic
 –

 C

Ta
ct

ic
s

Em
ph

as
iz

e 
pr

es
er

va
tio

n 
of

 s
ta

nd
s 

w
ith

 
tr

ib
al

 s
ig

ni
fic

an
ce

En
ha

nc
e 

re
si

lie
nc

e 
of

 s
ta

nd
s 

to
 fi

re
 a

nd
 

ot
he

r 
th

re
at

s;
 fo

cu
s 

on
 p

ha
se

 0
/1

 p
in

yo
n-

ju
ni

pe
r 

an
d 

is
ol

at
ed

 p
in

yo
n-

ju
ni

pe
r 

tr
ee

s 
su

rr
ou

nd
ed

 b
y 

go
od

 s
ag

e-
gr

ou
se

 h
ab

ita
t; 

lo
ok

 fo
r 

op
po

rt
un

iti
es

 to
 c

re
at

e 
st

ra
te

gi
c 

fu
el

br
ea

ks
 in

 c
on

tig
uo

us
 w

oo
dl

an
d 

Id
en

tif
y 

an
d 

pr
ot

ec
t a

re
as

 s
ui

ta
bl

e 
fo

r 
pi

ny
on

 
un

de
r 

fu
tu

re
 c

lim
at

e 
co

nd
iti

on
s

W
he

re
 c

an
 t

ac
ti

cs
 b

e 
ap

pl
ie

d?
A

cr
os

s 
th

e 
na

tio
na

l f
or

es
t a

nd
 

re
gi

on
w

id
e

A
cr

os
s 

th
e 

na
tio

na
l f

or
es

t a
nd

 r
eg

io
nw

id
e

A
cr

os
s 

th
e 

na
tio

na
l f

or
es

t a
nd

 r
eg

io
nw

id
e

O
pp

or
tu

ni
ti

es
 fo

r 
im

pl
em

en
ta

ti
on

A
tte

m
pt

 c
on

su
lta

tio
n 

w
ith

 a
ll 

af
fe

ct
ed

 
tr

ib
es

; e
lim

in
at

e 
co

m
m

er
ci

al
 p

er
m

its
 in

 
ar

ea
s 

w
ith

 s
pe

ci
al

 tr
ib

al
 s

ig
ni

fic
an

ce
 

C
on

si
de

r 
al

l v
eg

et
at

io
n 

tr
ea

tm
en

ts
 a

s 
op

po
rt

un
iti

es
 fo

r 
en

ha
nc

in
g 

re
si

lie
nc

e 
C

on
tin

ue
 to

 c
ol

le
ct

 d
at

a 
an

d 
re

fin
e 

m
od

el
s 

to
 

be
tte

r 
un

de
rs

ta
nd

 fu
tu

re
 p

in
yo

n 
di

st
ri

bu
tio

n;
 

le
ar

n 
fr

om
 p

as
t m

an
ag

em
en

t p
ro

je
ct

s

C
om

m
en

ts
W

or
k 

to
 u

se
 lo

ca
l k

no
w

le
dg

e 
in

 
de

te
rm

in
in

g 
w

he
re

 p
in

yo
n 

sh
ou

ld
 

an
d 

sh
ou

ld
 n

ot
 b

e 
re

m
ov

ed
; n

ee
d 

to
 

co
m

pa
re

 tr
ib

al
 c

on
ce

rn
s 

w
ith

 W
es

te
rn

 
sc

ie
nc

e 
an

d 
G

IS
 in

fo
rm

at
io

n

Id
en

tif
y 

th
es

e 
ar

ea
s 

as
 s

oo
n 

as
 p

os
si

bl
e 

C
ol

la
bo

ra
te

 w
ith

 r
es

ea
rc

he
rs

, fi
re

 m
an

ag
er

s,
 

an
d 

ot
he

rs

Chapter 14: Adapting to the Effects of Climate Change



USDA Forest Service RMRS-GTR-375.  2018 499

Appendix 14—Ecosystem Service Adaptation Options for 
the Intermountain Adaptation Partnership Region

The following tables describe climate change sensitivities and adaptation strategies and tactics for ecosystem services, 
developed in a series of workshops as a part of the Intermountain Adaptation Partnership (IAP). Tables are organized by 
subregion within the IAP. See Chapter 14 for summary tables and discussion of adaptation options for ecosystem services.
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